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A b s t r a c t
W h i le  s t i m u l a t i o n  o f  t h e  m e s e n c e p h a l i c  c e n t r a l  g r a y  m a t t e r  
(CG) a b o l i s h e d  r e s p o n s i v e n e s s  t o  i n t e n s i v e  p a i n  i n  t h e  r a t  w h i l e  
a p p a r e n t l y  n o t  a f f e c t i n g  o t h e r  s e n s o r y  m ode s ,  l e s i o n i n g  t h e  CG a r e a  
d i s r u p t s  t h e  n o rm a l  e x p r e s s i o n  o f  f e a r .  T h i s  s t u d y  t e s t e d  w h e t h e r  
t h i s  m o t i v a t i o n a l  change  i s  s p e c i f i c ,  p r o d u c i n g  i n c r e a s e d  f e a r - l i k e  
b e h a v i o r  o r  a  g e n e r a l i z e d  m o t i v a t i o n a l  ch an g e  p r o d u c i n g  h y p e r ­
r e a c t i v i t y  t o  e n v i r o n m e n t a l  s t i m u l i .
T h e r e  w e re  28 1 0 0 - d a y - o l d  m a le  r a t s  i m p l a n t e d  w i t h  e l e c t r o d e s  
a im ed  a t  t h e  CG a r e a ;  f i v e  o f  t h e s e  w ere  sham o p e r a t e d  c o n t r o l s .  On 
t h e  b a s i s  o f  t h e  p i n c h  t e s t  f o r  a n a l g e s i a ,  a n i m a l s  i m p l a n t e d  w i t h  
e l e c t r o d e s  aimed a t  t h e  CG w ere  d i v i d e d  i n t o  g r o u p s :  a n a l g e s i c  and
n o n - a n a l g e s i c .  A n im a ls  w e re  t e s t e d  u n d e r  a  v a r i e t y  o f  f e a r  p r o d u c i n g ,  
n o x i o u s  b u t  n o n - p a i n  p r o d u c i n g  and  g e n e r a l  m o t i v a t i o n a l  m e a s u r e s  
( s a c c h a r i n  and q u i n i n e  a c c e p t a n c e ,  v i s u a l  c l i f f ,  s t a r t l e ,  and  p e n c i l  
a t t a c k ) .  A n im a ls  w ere  t e s t e d  u n d e r  t h r e e  c o n d i t i o n s :  ( a )  p r e ­
s t i m u l a t i o n ;  (b) s t i m u l a t i o n ;  and (c )  p o s t - s t i m u l a t i o n .  At s a c r i f i c e  
t h e  r a t s  w ere  p e r f u s e d  and t h e i r  b r a i n s  w ere  t a k e n  f o r  h i s t o l o g i c  
v e r i f i c a t i o n  o f  t h e  l o c a t i o n  o f  t h e  e l e c t r o d e  t i p s .
The v i s u a l  c l i f f  t e s t  s u p p o r t e d  t h e  v iew t h a t  CG s t i m u l a t i o n  
i n v o l v e d  an  acc om pany ing  m o t i v a t i o n a l  c h a n g e  l e a d i n g  t o  an i n c r e a s e  
i n  f e a r - l i k e  b e h a v i o r .  D u r in g  s t i m u l a t i o n  t h e  a n a l g e s i c  a n i m a l s  made 
s i g n i f i c a n t l y  more c r o s s i n g s  t o  t h e  ’’s a f e "  s i d e  t h a n  d i d  t h e  sham o r  
n o n - a n a l g e s i c  a n i m a l s .  I n  t h e  o t h e r  m o t i v a t i o n a l  t e s t s  t h e r e  w ere  no 
s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  t h e  a n a l g e s i c ,  n o n - a n a l g e s i c ,  and  sham 
g r o u p s  d u r i n g  s t i m u l a t i o n .  The m o t i v a t i o n a l  t e s t s  i n  t h e  p r e s e n t  s t u d y  
s u g g e s t  t h a t  a n a l g e s i a  p r o d u c e d  by b r a i n  s t i m u l a t i o n  i s  a l s o  a c c o m p a n ie d  
by a m o t i v a t i o n a l  change  w h ich  p r i m a r i l y  i n v o l v e s  h y p e r r e a c t i v i t y  t o  
f e a r  p r o d u c i n g  s t i m u l i .
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I n t r o d u c t i o n
R e c e n t  s t u d i e s  h a v e  shown t h a t  r e s p o n s i v e n e s s  t o  n o x i o u s  
s t i m u l i  c a n  be  r e d u c e d  by f o c a l  e l e c t r i c a l  s t i m u l a t i o n  o f  t h e  b r a i n  
i n  e x p e r i m e n t a l  a n i m a l s  ( A k i l  & M ayer ,  1972;  Cox & V a l e n s t e i n ,  1965;  
Y u n g e r ,  Harvey ,  & L o r e n s ,  1973) a s  w e l l  a s  i n  man ( E r v i n ,  M ark ,  & 
S t e v e n s ,  1968;  G o l ,  1967;  H e a t h  & M i c k l e ,  1 9 6 0 ) .  A n a l g e s i a  
r e s u l t i n g  from b r a i n  s t i m u l a t i o n  h a s  b e e n  r e p o r t e d  i n  monkeys ( B l a c k ,  
C i a n c i  & M a r k o w i t z ,  1972) and  i n  c a t s  ( L i e b e s k i n d ,  G u i l b a u d ,  B e s s o n ,
& O l i v e r a s ,  1 9 7 3 ) .  R e y n o l d s  (1969)  fo u n d  t h a t  s t i m u l a t i o n  o f  t h e  
l a t e r a l  ed g e  o f  t h e  m e s e n c e p h a l i c  c e n t r a l  g r a y  m a t t e r  i n  t h e  r a t  
p r o d u c e d  s u f f i c i e n t l y  p o w e r f u l  a n a l g e s i a  t o  p e r m i t  a b d o m in a l  s u r g e r y .
M a y e r ,  W o l f l e ,  A k i l ,  C a r d e r ,  & L i e b e s k i n d  (1971)  f o u n d  t h a t  
a n a l g e s i a  from f o c a l  b r a i n  s t i m u l a t i o n  i n  t h e  r a t  c a n  be  o f  s u c h  magn i  
t u d e  a s  t o  r e n d e r  t h e  a n i m a l  t o t a l l y  u n r e s p o n s i v e  t o  p a i n .  The a n a l ­
g e s i a  p r o d u c e d  was w i t h i n  a r e s t r i c t e d  p e r i p h e r a l  f i e l d ,  u s u a l l y  o n e -  
h a l f  o r  one q u a d r a n t  o f  t h e  b o d y ,  and  t e n d e d  t o  be  s t r o n g e r  on t h e  con  
t r a l a t e r a l  t h a n  on t h e  h o m o l a t e r a l  l i m b s .  The a n a l g e s i a  o u t l a s t e d  
s t i m u l a t i o n  by up t o  5 m i n u t e s .  B e s i d e s  f i n d i n g  t h a t  b r a i n  s t i m u l a ­
t i o n  i n  t h e  m e s e n c e p h a l i c  c e n t r a l  g r a y  m a t t e r  i n d u c e d  a p o w e r f u l  
a n a l g e s i c  e f f e c t ,  c o n f i r m i n g  R e y n o l d s '  (1969)  f i n d i n g s ,  a d d i t i o n a l  
s i t e s  i n  t h e  v e n t r a l  tegmentum and  m e d i a l  t h a l a m u s  a p p e a r e d  e q u a l l y  
e f f e c t i v e .  A n a l g e s i a  t e s t s  w e re  c o n d u c t e d  by a p p l y i n g  p r e s s u r e  w i t h  
a  n e e d l e - n o s e d  p l i e r s  t o  t h e  f o u r  l i m b s  and  t a i l .  The a n i m a l  was 
j u d g e d  a n a l g e s i c  i f  t h e r e  was no  r e s p o n s e ,  n o t  e v e n  a w i t h d r a w a l
3r e f l e x ,  t o  t h e  a p p l i c a t i o n  o f  e v e n  s e v e r e  t i s s u e - d e s t r u c t i v e  p r e s s u r e .  
T h u s ,  t h e  b r a i n  s t i m u l a t e d  a n i m a l s  w e re  a n a l g e s i c  t o  p r e s s u r e  p a i n .  
More e x t e n s i v e  t e s t s  w e re  r u n  on s e v e r a l  o f  t h e  a n i m a l s .  No o b s e r v a -  
a b l e  r e s p o n s e  was e l i c i t e d  when t a i l  s h o c k s  w h ic h  c a u s e d  t i s s u e  
damage w e re  a d m i n i s t e r e d ,  n o r  when a h e a t  s t i m u l u s  was  l e f t  i n  c o n ­
t a c t  l o n g  enough t o  p r o d u c e  b l i s t e r i n g .  Even  w h i l e  s t a n d i n g  i n  i c e  
w a t e r  t h e  a n i m a l s  showed no a p p a r e n t  d i s c o m f o r t .
A l t h o u g h  s e v e r a l  o f  t h e  a n a l g e s i c  a r e a s  a r e  w e l l  e s t a b l i s h e d  
com ponen ts  o f  t h e  r e w a r d  s y s t e m ,  M ayer ,  Wo1f i e ,  A k i l ,  C a r d e r ,  & 
L i e b e s k i n d  (1971)  found  t h a t  s e v e r a l  p l a c e m e n t s  c h a r a c t e r i z e d  by h i g h  
s e l f - s t i m u l a t i o n  r a t e s  gave  no  e v i d e n c e  o f  a n a l g e s i a ,  and  s t i m u l a t i o n  
t o  one s i t e  w h ic h  was a p p a r e n t l y  n o t  r e w a r d i n g  p r o d u c e d  a n a l g e s i a .
The a u t h o r s  c o n c l u d e d  t h a t  a r e a s  f rom w h ich  a n a l g e s i a  c a n  be ev o k e d  
a p p e a r  t o  o n l y  p a r t i a l l y  o v e r l a p  t h o s e  o f  t h e  r e w a r d  s y s t e m .
T h e r e f o r e ,  t h i s  a n a l g e s i a  a r e  n o t  p l e a s a n t  s e n s a t i o n s  t h a t  mask  o r  
d i v e r t  a t t e n t i o n  from u n p l e a s a n t  o n e s .  A l a t e r  s t u d y  by Mayer  and  
L i e b e s k i n d  (1974)  c o n f i r m s  t h e s e  f i n d i n g s .
M ay e r ,  W o l f l e ,  A k i l ,  C a r d e r ,  & L i e b e s k i n d  (1 971)  a r g u e d  t h a t  
t h e  f a i l u r e  t o  r e s p o n d  t o  n o x i o u s  s t i m u l a t i o n  c o u l d  n o t  be  a t t r i b u t e d  
t o  a g e n e r a l i z e d  s e n s o r y ,  m o t i v a t i o n a l  o r  m o t o r i c  d e f i c i t ;  r a t h e r ,  
e l e c t r i c a l  s t i m u l a t i o n  a p p e a r e d  c a p a b l e  o f  s e l e c t i v e l y  r e d u c i n g  n o c i ­
c e p t i o n .
a .  The a n i m a l s  r e s p o n d e d  v i g o r o u s l y  t o  n o x i o u s  s t i m u l i  
a p p l i e d  o u t s i d e  t h e  p e r i p h e r a l  a n a l g e s i a  f i e l d .
b .  A m a j o r i t y  o f  t h e  a n i m a l s  a p p e a r e d  r e s p o n s i v e  t o  v i s u a l ,
4a u d i t o r y ,  and  t a c t i l e  s t i m u l i  d u r i n g  b r a i n  s t i m u l a t i o n .
I n  a s u b s e q u e n t  s t u d y  Mayer  and L i e b e s k i n d  (1974)  t e s t e d  
s e v e n  d i f f e r e n t  b r a i n  r e g i o n s  i n  t h e  r a t  t o  compare t h e  p o s s i b l e  
a n a l g e s i c  e f f e c t s  o f  e l e c t r i c a l  s t i m u l a t i o n  i n  d i f f e r e n t  b r a i n  a r e a s .  
The b r a i n  r e g i o n s  t e s t e d  w e r e :  t h e  c e n t r a l  g r a y ,  d i e n c e p h a l i c  p e r i ­
v e n t r i c u l a r  g r a y ,  v e n t r a l  tegmentum ,  l a t e r a l  h y p o t h a l a m u s ,  v e n t r o -  
b a s a l  t h a l a m u s ,  d o r s o m e d i a l  t h a l a m u s ,  and  s e p t a l  a r e a .  T h r e e  p a i n  
t e s t s  w ere  u s e d  t o  a s s e s s  a n a l g e s i a :  p i n c h ,  jump t e s t ,  m e a s u r i n g
jump t h r e s h o l d  t o  f o o t  s h o c k ;  and  t a i l  f l i c k  t e s t ,  m e a s u r i n g  l a t e n c y  
o f  t h e  s u d d e n ,  s p i n a l l y - m e d i a t e d  t a i l  w i t h d r a w a l  r e s p o n s e  t o  a p p l i c a ­
t i o n  o f  r a d i a n t  h e a t .  Mayer and  L i e b e s k i n d  found  t h a t  o n l y  s t i m u l a ­
t i o n  o f  t h e  m e s e n c e p h a l i c  c e n t r a l  g r a y  m a t t e r  and  p e r i v e n t r i c u l a r  
g r a y  m a t t e r  g r e a t l y  r e d u c e d  o r  t o t a l l y  a b o l i s h e d  r e s p o n s i v e n e s s  t o  
a l l  n o x i o u s  s t i m u l i  e m p lo y e d .  S t i m u l a t i o n  o f  o t h e r  b r a i n  a r e a s  w h ic h  
i n c l u d e d  t h e  s e p t a l  n u c l e i  and  t h e  d o r s a l  m e d i a l  t h a l a m i c  n u c l e u s ,  
i n c r e a s e d  jump t h r e s h o l d  t o  e l e c t r i c  s h o c k .  O t h e r  a r e a s  s o m e t im e s  
a b o l i s h e d  r e s p o n s i v e n e s s  t o  e v e n  t i s s u e  d e s t r u c t i v e  p i n c h  ( v e n t r a l  
tegm en tum ,  d o r s o m e d i a l  t h a l a m i c  n u c l e u s )  b u t  no a n i m a l s  e x c e p t  t h o s e  
w i t h  e l e c t r o d e s  i n  t h e  c e n t r a l -  and  p e r i v e n t r i c u l a r  g r a y  m a t t e r  p r o ­
d uced  a n a l g e s i a  e q u a l  t o  o r  g r e a t e r  t h a n  t h a t  o b t a i n e d  i n  t h e  same 
a n i m a l s  on a l l  t e s t s ,  by t h e  a d m i n i s t r a t i o n  o f  l a r g e  d o s e s  (10 mg/kg)  
o f  m o r p h i n e .
Mayer and  L i e b e s k i n d  (1974)  a l s o  r e p o r t e d  t h a t  t h i s  a n a l g e s i a  
p r o d u c e d  by b r a i n  s t i m u l a t i o n  was n o t  r e l a t e d  t o  t h e  o c c u r r e n c e  o f  
e l e c t r o g r a p h i c  o r  o v e r t  m o t o r  s e i z u r e s .  S t i m u l a t i o n  t o  t h e  c e n t r a l
5g r a y  o r  p e r i v e n t r i c u l a r  g r a y  m a t t e r  n e v e r  p r o d u c e d  o b s e r v a b l e  s e i z u r e  
a c t i v i t y .
C o n f i r m i n g  an e a r l i e r  r e p o r t  (Mayer e t  a l . ,  1 9 7 1 ) ,  t h e  
a n a l g e s i a  o u t l a s t e d  b r a i n  s t i m u l a t i o n .  I n  f a c t  t h e  a n a l g e s i a  o u t ­
l a s t e d  b r a i n  s t i m u l a t i o n  i n  some c e n t r a l  g r a y  and  p e r i v e n t r i c u l a r  
g r a y  a n i m a l s  by a s  much a s  3 h o u r s .  Once a g a i n ,  a n a l g e s i a  was  found  
w i t h i n  a r e s t r i c t e d  p e r i p h e r a l  f i e l d .  I n  t h e  p i n c h  t e s t ,  a n a l g e s i a  
was s i g n i f i c a n t l y  s t r o n g e r  on t h e  c o n t r a l a t e r a l  t h a n  on t h e  homo­
l a t e r a l  l im b s  f o r  t h e  c e n t r a l  g r a y  g r o u p .  S u c c e s s f u l  p l a c e m e n t s  i n  
t h i s  g r o u p  w ere  a l l  i n  t h e  m i d - c a u d a l  c e n t r a l  g r a y  m a t t e r .  The 
a u t h o r s  h a d  p r e v i o u s l y  found  t h a t  e voked  r e s p o n s e s  a r e  l a r g e r  t o  t a i l  
s t i m u l a t i o n  t h a n  t o  l im b  s t i m u l a t i o n  and  l a r g e r  t o  s t i m u l a t i o n  o f  
c o n t r a l a t e r a l  t h a n  t o  h o m o l a t e r a l  l i m b s .
The r e l a t i o n s h i p  b e t w e e n  t h e  a n a l g e s i c  and r e w a r d i n g  p r o p e r t i e s  
was a l s o  i n v e s t i g a t e d .  S t i m u l a t i o n  w h ic h  p r o d u c e d  a n a l g e s i a  was  n o t  
fo u n d  t o  be c a u s a l l y  r e l a t e d  t o  t h e  r e w a r d i n g  p r o p e r t i e s  o f  t h e  s t i m u ­
l a t i o n .  A n a l g e s i a  was p r o d u c e d  o f t e n  by s t i m u l a t i o n  a t  e l e c t r o d e  s i t e s  
w h ic h  d i d  n o t  s u p p o r t  s e l f - s t i m u l a t i o n  b e h a v i o r ;  and many a n i m a l s  s e l f -  
s t i m u l a t e d  a t  h i g h  r a t e s  b u t  w e re  n o t  a n a l g e s i c .  I n  f a c t ,  d o r s a l  c e n ­
t r a l  g r a y  s t i m u l a t i o n  p r o v e d  u n i f o r m l y  t o  be  a v e r s i v e ,  y e t  a n a l g e s i a  was  
a l w a y s  a p p a r e n t  f o l l o w i n g  t h i s  s t i m u l a t i o n .  T h i s  r e p o r t  c o n f i r m s  t h e  
p r e v i o u s  f i n d i n g s  (Mayer e t  a l . ,  1 9 7 1 ) .
R e l a t i o n s h i p  o f  B r a i n  S t i m u l a t i o n 
P r o d u c i n g  A n a l g e s i a  and  M orph ine
As n o t e d  i n  L i e b e s k i n d ,  M ayer ,  and  A k i l ' s  (1974)  r e v i e w  o f  t h e
6l i t e r a t u r e ,  t h e  a u t h o r s  h a v e  c o n s i s t e n t l y  a r g u e d  ( A k i l ,  1972; A k i l  & 
M ayer ,  1972; L i e b e s k i n d ,  G u i l b a u d ,  B e s s o n  & O l i v e r a s ,  1973; Mayer e t  
a l . ,  1971; Mayer  e t  a l . ,  1974) t h a t  a n a l g e s i a  d o e s  n o t  r e s u l t  from a 
g e n e r a l i z e d  s e n s o r y ,  m o t i v a t i o n a l  e m o t i o n a l  d e f i c i t .  Nor c an  t h e  
a n a l g e s i c  e f f e c t  be a t t r i b u t e d  t o  a f u n c t i o n a l  l e s i o n  o r  a  t e m p o r a r y  
d i s r u p t i o n  o f  t h e  d i f f e r e n t  p a i n  m e s s a g e  a t  t h e  s i t e  o f  t h e  s t i m u ­
l a t i n g  e l e c t r o d e .  From t h e  r e s u l t s  o f  t h e  s t u d i e s  (Mayer e t  a l . ,  
1971; Mayer e t  a l . ,  1974), i t  c a n  be  c o n c l u d e d  t h a t  d i s t r a c t i o n  by 
p l e a s u r a b l e  s t i m u l i  and  s e i z u r e  a c t i v i t y  a t  t h e  s i g h t  o f  s t i m u l a t i o n  
c a n  a l s o  be  r u l e d  o u t  a s  f a c t o r s  r e s p o n s i b l e  f o r  a n a l g e s i a .  The 
a u t h o r s  have  p r o p o s e d  t h a t  b r a i n  s t i m u l a t i o n  r e s u l t s  i n  a n a l g e s i a  by 
a c t i v e l y  e n g a g i n g  a n e u r a l  s y s t e m  w h ic h  b l o c k s  n o c i c e p t i o n  e l s e w h e r e  
i n  t h e  n e r v o u s  s y s t e m .
The e x a m i n a t i o n  o f  t h e  s i t e  and  m echan ism  o f  a c t i o n  o f  t h e  
n a r c o t i c  a n a l g e s i c s  ( e . g . ,  m o r p h i n e )  p r o v i d e s  s u p p o r t  f o r  t h i s  v ie w .  
B o th  m o r p h i n e  (Lim, 1966) and b r a i n  s t i m u l a t i o n  ( L i e b e s k i n d  e t  a l . ,  
1974; Mayer e t  a l . ,  1971; Mayer e t  a l . ,  1974) p r o d u c e  a n a l g e s i c  by 
t h e i r  a c t i o n  on t h e  c e n t r a l  n e r v o u s  s y s t e m .  I t  was found  (Mayer e t  
a l . ,  1974) t h a t  s t i m u l a t i o n  o f  p e r i a q u i d u c t a l  and  p e r i v e n t r i c u l a r  
s t r u c t u r e s  p r o d u c e  t h e  s t r o n g e s t  and  m o s t  c o n s i s t e n t  a n a l g e s i c ;  i t  
was a l s o  r e p o r t e d  (Mayer e t  a l . ,  1974) t h a t  m i c r o i n j e c t i o n s  o f  m o r ­
p h i n e  i n  t h e s e  same r e g i o n s  (Tsou  6c J a n g ,  1964) a l s o  p r o d u c e d  
a n a l g e s i a ,  w h i l e  i n j e c t i o n s  o f  t h e  d r u g  e l s e w h e r e  i n  t h e  b r a i n  have  
l i t t l e  o r  no e f f e c t  ( F o s t e r ,  J e n d e n ,  6c Lomax, 1967; L o t t i ,  Lomax,
6c G e o r g e ,  1 9 6 5 ) .  T h i s  s u g g e s t s  t h a t  a  common m e chan ism  may be
i n v o l v e d .
M orph ine  c o u l d  p r o d u c e  a n a l g e s i a  e i t h e r  by d i r e c t l y  b l o c k i n g  
c o n d u c t i o n  o r  s y n a p t i c  t r a n s m i s s i o n  i n  t h e  s e n s o r y  p a t h ,  a c t i n g  
c e n t r a l l y  as  a  l o c a l  a n e s t h e t i c  o r  by a c t i v a t i n g  a  s y s t e m  w h ic h  
p h y s i o l o g i c a l l y  i n h i b i t s  t r a n s m i s s i o n  o f  n o c i c e p t i o n  i n f o r m a t i o n  
t h r o u g h  t h e  p a i n  p a t h w a y .  T h e re  i s  a  body o f  w ork  s u p p o r t i n g  t h e  
l a t t e r  mechan ism  as  b e i n g  r e s p o n s i b l e  f o r  m o r p h i n e  a n a l g e s i a .  I t  h a s  
b e e n  shown t h a t  t h e  i n t e g r i t y  o f  c e r t a i n  n e u r a l  t r a n s m i t t e r  s y s t e m s  
i s  n e c e s s a r y  f o r  m o r p h i n e  t o  p r o d u c e  a n a l g e s i a .  A d e p l e t i o n  o f  
s e r o t o n i n  e i t h e r  w i t h  p a r a - c h l o r o p h e n y l a l a n i n e  (p -C P A ) , a  s e r o t o n i n  
s y n t h e s i s  i n h i b i t o r  (T ene n ,  1968)  o r  by d e s t r u c t i o n  o f  t h e  m i d b r a i n  
r a p h e  n u c l e i  (Samanin  & B e r n a s c o n i ,  1972) r e d u c e s  o r  a b o l i s h e s  m o r ­
p h i n e  a n a l g e s i a .  A l s o  d r u g s  w h ic h  lo w e r  one o r  a n o t h e r  o f  t h e  mono­
am ines  b l o c k  t h e  a n a l g e s i c  a c t i o n  o f  m o rp h i n e  ( L i e b e s k i n d  e t  a l . ,  
1974;  Mayer e t  a l . ,  1 9 7 4 ) .  I t  h a s  b e e n  a r g u e d  ( L i e b e s k i n d  e t  a l . ,  
1974 ,  Mayer e t  a l . ,  1974) t h a t  i f  m o r p h i n e  d i r e c t l y  b l o c k e d  c o n d u c ­
t i o n  o r  s y n a p t i c  t r a n s m i s s i o n  i n  t h e  s e n s o r y  p a t h  i t s  a n a l g e s i c  
a c t i o n  s h o u l d  n o t  d ep en d  upon  t h e  i n t e g r i t y  o f  c e n t r a l  n e u r o t r a n s ­
m i t t e r  s y s t e m s ;  t h e  a u t h o r s  f u r t h e r  a r g u e  t h a t  s i n c e  i t s  a c t i o n  does  
depend  on t h e  e x i s t e n c e  o f  n o r m a l  monamine l e v e l s ,  i t  m u s t  be t h a t  
m o r p h i n e  w orks  by a c t i v a t i n g  n e u r a l  p a t h s  i n  w h ic h  t h e s e  t r a n s m i t t e r s  
a r e  r e l e a s e d .  M orp h in e  m u s t  be a c t i n g  by i n i t i a t i n g  a r e l e a s e  o f  
s e r o t o n i n  and p o s s i b l y  o t h e r  n e u r o t r a n s m i t t e r s  w h ic h  e i t h e r  d i r e c t l y  
o r  i n d i r e c t l y  b l o c k  t h e  t r a n s m i s s i o n  o f  n o c i c e p t i v e  i n f o r m a t i o n .
T h e re  i s  c o n v i n c i n g  e v i d e n c e  t h a t  b r a i n  s t i m u l a t i o n  a l s o
8p r o d u c e s  a n a l g e s i a  by a c t i v a t i o n  o f  a  p a i n  i n h i b i t o r y  s y s t e m .  A k i l  
(1972)  fo u n d  t h a t  b r a i n  s t i m u l a t i o n  p r o d u c i n g  a n a l g e s i a  i s  a l s o  
a n t a g o n i z e d  by t h e  d e p l e t i o n  o f  s e r o t o n i n  l e v e l s  u s i n g  a s e r o t o n i n  
s y n t h e s i s  i n h i b i t o r  p-CPA. Samanin  and  V a l z e l l i  (1971)  h a v e  shown 
t h a t  s u b a n a l g e s i c  d o s e s  o f  m o r p h i n e  com bined  w i t h  s u b a n a l g e s i c  low 
f r e q u e n c y  s t i m u l a t i o n  o f  t h e  d o r s a l  r a p h e  n u c l e i  s y n e r g i z e  t o  p r o ­
duce  s i g n i f i c a n t  a n a l g e s i a .  T h u s ,  m o r p h i n e  and  e l e c t r i c a l  s t i m u ­
l a t i o n  seem t o  a c t i v a t e  an i d e n t i c a l  s y s t e m .
I n  summary,  t h e  a u t h o r s  (L iebman e t  a l . ,  1974;  Mayer e t  a l . ,  
1971) s u g g e s t  t h a t  b r a i n  s t i m u l a t i o n  r e s u l t s  f rom a c t i v a t i o n  o f  a 
n e u r a l  s u b s t r a t e  c o n c e n t r a t e d  i n  p e r i a q u i d u c t a l  and  p e r i v e n t r i c u l a r  
s t r u c t u r e s  w h ich  h a s  an  u l t i m a t e  i n h i b i t i n g  a c t i o n  on t h e  t r a n s m i s s i o n  
o f  n o c i c e p t i o n  t h r o u g h  t h e  s p i n a l  c o r d .  T h i s  v iew  i s  c o n s i s t e n t  w i t h  
t h e  n o t i o n  o f  a  c e n t r a l  c o n t r o l  s y s t e m  a c t i n g  upon  s p i n a l  c o r d  m e ch an ­
ism s  o f  n o c i c e p t i o n ,  a s  p r o p o s e d  by M e lz a c k  and  W a l l  ( 1 9 6 5 ) .  R e c e n t l y ,  
R i c h a r d s o n  and A k i l  (1973)  r e p o r t e d  some s u c c e s s  i n  a p p l y i n g  t h e  t e c h ­
n i q u e  o f  b r a i n  s t i m u l a t i o n  t o  t h e  t r e a t m e n t  o f  i n t r a c t i b l e  p a i n  s t a t e s  
i n  man.
A l t h o u g h  l e s i o n i n g  t h e  c o n t r o l  g r a y  m a t t e r  d o e s  n o t  p r o d u c e  
a n a l g e s i a  t h e r e  i s  an  a c c om pany ing  m o t i v a t i o n a l  c h a n g e ,  a  d i s r u p t i o n  
i n  n o rm a l  f e a r - l i k e  r e s p o n s e s  t o  n o x i o u s  s t i m u l i .  L iebm an ,  Mayer and  
L i e b e s k i n d  (1970)  l e s i o n e d  t h e  m e s e n c e p h a l i c  c e n t r a l  g r a y  m a t t e r  and 
found  t h e  n o r m a l  e x p r e s s i o n  o f  f e a r  i n  r a t s  d i s r u p t e d .  The p e r f o r ­
mance o f  t h e  l e s i o n e d  a n i m a l  was g r e a t l y  i m p a i r e d .  When p l a c e d  i n  an  
open  f i e l d  o r  on a  h i g h  p e r c h  m o s t  o f  t h e  c o n t r o l  a n i m a l s  b u t  none  o f
9t h e  l e s i o n e d  a n i m a l s  d e f e c a t e d .  The l e s i o n e d  a n i m a l s  made s i g n i f i ­
c a n t l y  more d e s c e n t s  f rom t h e  h i g h  p e r c h .  The a u t h o r s  c o n c l u d e d  t h a t  
t h e  m e s e n c e p h a l i c  c e n t r a l  g r a y  m a t t e r ,  p a r t i c u l a r l y  i t s  v e n t r o ­
l a t e r a l  a s p e c t ,  i s  c r i t i c a l  t o  t h e  n o r m a l  e x p r e s s i o n  o f  f e a r  i n  r a t s .  
H y p o t h e s e s  and P r e d i c t i o n
I f  as  r e p o r t e d  by L ieb m an ,  M ayer ,  and L i e b e s k i n d  ( 1 9 7 0 ) ,  
l e s i o n i n g  r e d u c e s  f e a r - l i k e  r e s p o n s e s  t o  n o x i o u s  s t i m u l i  t h e n  s t i m u ­
l a t i o n  o f  t h i s  a r e a  s h o u l d  p r o d u c e  an  i n c r e a s e  i n  f e a r - l i k e  r e s p o n s e s .  
Under  s t i m u l a t i o n  t h e  a n i m a l  s h o u l d  be more r e s p o n s i v e  t o  e n v i r o n ­
m e n t a l  s t i m u l i  and  become s e n s i t i z e d  t o  them.  I t  i s  known t h a t  
s t i m u l a t i o n  t o  t h i s  s i t e  p r o d u c e s  a n a l g e s i a  t o  p a i n f u l  s t i m u l i  ( A k i l ,  
1972;  A k i l  e t  a l . ,  1972;  L i e b e s k i n d  e t  a l . ,  1974;  Mayer  e t  a l . ,  1971;  
Mayer  e t  a l . ,  1974;  R e y n o l d s ,  1 9 6 9 ) ,  b u t  beyond  t h i s  t h e  a n i m a l  s h o u l d  
be more s e n s i t i v e  t o  e x t e r n a l  n o x i o u s  o r  f e a r  p r o d u c i n g  s t i m u l i  i n  
o t h e r  s e n s o r y  m o d a l i t i e s  o r  o t h e r  t a c t i l e  f i e l d s .  I t  i s  a l s o  known 
t h a t  t h e  a n a l g e s i a  p r o d u c e d  i s  s u b t o t a l ,  w i t h  some a r e a s  o f  t h e  body 
more  a f f e c t e d  t h a n  o t h e r  a r e a s ;  and t h a t  o u t s i d e  o f  t h i s  p e r i p h e r a l  
f i e l d  t h e  a n i m a l s  r e s p o n d  v i g o r o u s l y  t o  n o x i o u s  s t i m u l i .  The a n i m a l s  
r e s p o n d  t o  v i s u a l ,  a u d i t o r y ,  and t a c t i l e  s t i m u l i  d u r i n g  b r a i n  s t i m u l a ­
t i o n  (Mayer e t  a l . ,  1 9 7 1 ) .  I n  o t h e r  w o r d s ,  t h e  h y p o t h e s i s  i s  made 
t h a t  m o t i v a t i o n a l  c h a n g e s  do o c c u r  d u r i n g  b r a i n  s t i m u l a t i o n  p r o d u c i n g  
a n a l g e s i a ;  and t h a t  t h e  a n i m a l  s h o u l d  be  h y p e r r e a c t i v e  t o  e n v i r o n m e n ­
t a l  s t i m u l i .
The p u r p o s e  o f  t h e  p r e s e n t  s t u d y  i s  t o  i n v e s t i g a t e  t h e  m o t i ­
v a t i o n a l  ch a n g e s  i n  t h e  a n i m a l  s t i m u l a t e d  i n  t h e  c e n t r a l  g r a y  m a t t e r
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when i t  i s  p r e s e n t e d  w i t h  a v a r i e t y  o f  e n v i r o n m e n t a l  s t i m u l i .  
E l e c t r o d e s  w ere  i m p l a n t e d  i n  t h e  m e s e n c e p h a l i c  c e n t r a l  g r a y  m a t t e r  i n  
r a t s .  A p i n c h  t e s t  was u s e d  t o  d e t e r m i n e  w h ic h  a n i m a l s  when s t i m u ­
l a t e d  w ere  a n a l g e s i c .  On t h e  b a s i s  o f  t h e  p i n c h  t e s t  t h e  a n i m a l s  
w e re  d i v i d e d  i n t o  t h r e e  g r o u p s .  The f i r s t  g ro u p  c o n s i s t e d  o f  t h o s e  
a n i m a l s  w h ic h  w ere  a n a l g e s i c  t o  p r e s s u r e  p a i n .  The s e c o n d  g r o u p  c o n ­
s i s t e d  o f  t h o s e  a n i m a l s  w h ic h  w e re  n o n - a n a l g e s i c .  The t h i r d  g ro u p  
was  t h e  sham o p e r a t e d  c o n t r o l s .  The f i v e  t e s t s  c o n d u c t e d  w e re :
a .  S a c c h a r i n  t e s t - - w h e r e  t h e  a n i m a l ' s  s a c c h a r i n  c o n s u m p t i o n  
was m e a s u r e d .  The p r o d u c t i o n  i s  made t h a t  t h e  h y p e r r e a c t i v e  a n i m a l  
o v e r l y  r e s p o n s i v e  t o  e n v i r o n m e n t a l  s t i m u l i  s h o u l d  d r i n k  more s a c c h a r i n  
t h a n  t h e  a n i m a l  i n  t h e  n o n - a n a l g e s i c  o r  sham o p e r a t e d  g r o u p .
b .  Q u i n i n e  t e s t - - e a c h  a n i m a l  was p r e s e n t e d  w i t h  a  n o x i o u s  
b u t  n o n - p a i n  p r o d u c i n g  s t i m u l i .  The p r e d i c t i o n  i s  made t h a t  due t o  
h y p e r r e a c t i v i t y ,  t h e  a n a l g e s i c  a n i m a l s  w i l l  d r i n k  l e s s  q u i n i n e  t h a n  
t h e  a n i m a l s  i n  t h e  o t h e r  two g r o u p s .
c .  V i s u a l  c l i f f  t e s t - - t h e  a n i m a l s  w e re  p l a c e d  on t h e  v i s u a l  
c l i f f  and  c r o s s i n g s  t o  e i t h e r  t h e  s h a l l o w  o r  deep  s i d e  w ere  r e c o r d e d .  
H e re  t h e  a n a l g e s i c  a n i m a l s  s h o u l d  be more  aw are  o f  t h e  deep  s i d e  when 
s t i m u l a t e d  a n d ,  t h e r e f o r e ,  make f e w e r  c r o s s i n g s  t o  t h e  deep  s i d e .
d .  P e n c i l  b i t e  t e s t - - a  5 - p o i n t  r a t i n g  s c a l e  was d e v i s e d  t o  
a s s e s s  t h e  e f f e c t  o f  a n a l g e s i a  on t h e  n o r m a l  a g g r e s s i v e  r e a c t i o n  o f
a r a t  when p r e s e n t e d  w i t h  a s m a l l  o b j e c t  su c h  a s  a  p e n c i l .  The a n a l ­
g e s i c  a n i m a l  s h o u l d  show more a g g r e s s i v e  b e h a v i o r  ( b i t e  more f i e r c e l y )  
when t h e  o b j e c t  i s  p r e s e n t e d  a t  mouth  l e v e l .
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e .  S t a r t l e  t e s t - - a  l o u d  to n e  was p r e s e n t e d  t o  e a c h  a n i m a l  an d  
i t s  e f f e c t s  upon t h e i r  b e h a v i o r  was  m e a s u r e d .  The p r e d i c t i o n  i s  t h a t  
t h e  h y p e r r e a c t i v e  a n a l g e s i c  a n i m a l s  w i l l  show a more  p r o f o u n d  ( l a r g e r )  
a c o u s t i c a l  s t a r t l e  t h a n  t h e  n o n - a n a l g e s i c  o r  sham o p e r a t e d  a n i m a l s .
T h r e e  d i f f e r e n t  c o n d i t i o n s  w ere  t e s t e d :  ( a )  p r e - s t i m u l a t e d ,
(b)  s t i m u l a t i o n ,  ( c )  p o s t - s t i m u l a t i o n .  Each  a n i m a l  u n d e r w e n t  a l l  
f i v e  t e s t s :  s a c c h a r i n ,  q u i n i n e ,  v i s u a l  c l i f f ,  p e n c i l  b i t e ,  and  t h e
s t a r t l e ,  u n d e r  e a c h  o f  t h e  t h r e e  c o n d i t i o n s .
A two-way a n a l y s i s  o f  v a r i a n c e  w i t h  r e p e a t e d  m e a s u r e s  on t h e  
s e c o n d  f a c t o r  ( t h e  s t i m u l a t i o n  c o n d i t i o n )  was p e r f o r m e d  on e a c h  o f  
t h e  t e s t s .  S i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  g r o u p s  and  c o n d i t i o n s  a r e  
e x p e c t e d .  The e x p e c t e d  r e s u l t s  s h o u l d  show t h e  e f f e c t s  o f  s t i m u l a t i o n  
p r o d u c i n g  a n a l g e s i a  a r e  n o t  j u s t  s p e c i f i c  t o  p a i n ,  b u t  a r e  a c c o m p a n i e d  
by a g e n e r a l  m o t i v a t i o n a l  c h a n g e  b e s t  d e s c r i b e d  a s  a  h y p e r r e a c t i v i t y  
t o  e n v i r o n m e n t a l  s t i m u l i .
Method
S u b j e c t s
The 26 s u b j e c t s  u s e d  w e re  n a i v e ,  m a le  1 0 0 -d a y  o l d  H o l t z m a n  
(M ad ison ,  W i s c o n s i n )  a l b i n o  r a t s .  They w ere  i n d i v i d u a l l y  h o u s e d  i n  
a  t e m p e r a t u r e - c o n t r o l l e d  room a t  a b o u t  25°C i l l u m i n a t e d  12 h o u r s  a 
day ( 6 : 0 0  A.M. t o  6 : 0 0  P . M . ) .
S u r g i c a l  P r o c e d u r e
B i p o l a r  s t a i n l e s s  s t e e l  e l e c t r o d e s  (M S -3 0 3 - . 3 1 2 " - S S - .0 0 8 "  
B i p o l a r  E l e c t r o d e  U n i t s ,  P l a s t i c  P r o d u c t s  C o . ,  R o a n o k e ,  V i r g i n i a )  
w e re  s t e r e o t a x i c a l l y  i m p l a n t e d  u n i l a t e r a l l y  i n  t h e  m i d l i n e  m e s e n ­
c e p h a l i c  c e n t r a l  g r a y .  The t a r g e t  c o o r d i n a t e s  w e re  A P - 5 . 0 ,  DV
6 . 5 0 ,  L a t .  0 . 0 .  The e l e c t r o d e s  w e re  made o f  t w i s t e d  s t a i n l e s s  s t e e l  
w i r e s  i n s u l a t e d  e x c e p t  a t  t h e  c u t  c r o s s  s e c t i o n s  o f  t h e i r  t i p s .  Each 
e l e c t r o d e  was h e l d  i n  p l a c e  by d e n t a l  a c r y l i c  m o ld ed  o v e r  a n c h o r  
s c r e w s ,  f o rm in g  a c a p .  S u r g e r y  was p e r f o r m e d  u n d e r  e t h e r  a n e s t h e s i a  
w i t h  a p r e - a n e s t h e t i c  i n t r a p e r i t o n e a l  i n j e c t i o n  o f  a t r o p i n e  s u l f a t e  
( 0 . 5  ml o f  a 2 . 4  mg/ml s o l u t i o n ) .  The f i v e  sham o p e r a t e d  c o n t r o l  
a n i m a l s  u n d e rw e n t  a l l  s u r g i c a l  p r o c e d u r e s ,  b u t  t h e  w i r e  e l e c t r o d e  
was removed from t h e  e l e c t r o d e  a s s e m b l y .  The sham a n i m a l s  d i d ,  how­
e v e r ,  h a v e  t h e  c o n n e c t o r  p a r t  o f  t h e  e l e c t r o d e  i m p l a n t e d  so  t h a t  t h e y  
c o u l d  be  c o n n e c t e d  t o  t h e  s t i m u l a t i o n  a p p a r a t u s .  H ow ever ,  s i n c e  t h e  
e l e c t r o d e  was m i s s i n g  t h e y  c o u l d  n o t  be s t i m u l a t e d .
T e s t i n g  P r o c e d u r e
P r i o r  t o  t h e  o p e r a t i o n  e a c h  a n i m a l  was p r e s e n t e d  w i t h  a
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0 . 0 0 5  mg/ml q u i n i n e  h y d r o c h l o r i d e  s o l u t i o n  and  t h e n  a 0.2% sod ium 
s a c c h a r i n  s o l u t i o n  i n  i n v e r t e d  100 ml g r a d u a t e d  c y l i n d e r s  f o r  two 
c o n s e c u t i v e  d a y s .  S u r g e r y  was  t h e n  p e r f o r m e d .  The a n i m a l s  w ere  
a l l o w e d  10 d a y s  t o  r e c o v e r ,  d u r i n g  w h ic h  t im e  w e t  mash was  p r o v i d e d  
a s  n e c e s s a r y .
P i n c h  t e s t . A f t e r  r e c o v e r y  f rom s u r g e r y  and  p r i o r  t o  s t i m u ­
l a t i o n  b a s e l i n e  p i n c h  t h r e s h o l d s  w e re  m e a s u r e d .  I n  t h e  p i n c h  t e s t  
p r e s s u r e  i s  a p p l i e d  t o  t h e  t a i l  o f  a r a t .  A f t e r  a  c e r t a i n  am ount o f  
p r e s s u r e ,  a s u d d e n  movement ( f l i c k )  o f  t h e  t a i l  o c c u r s .  An i n c r e a s e  
i n  t h e  l a t e n c y  o f  t h i s  r e s p o n s e  t o  i n c r e a s i n g  p r e s s u r e  c o n s t i t u t e s  
a n a l g e s i a .
The a n a l g e s i a  t e s t  was c o n d u c t e d  u s i n g  a m o d i f i e d  v e r s i o n  o f  
t h e  Mayer and  L i e b e s k i n d  (1974)  t e c h n i q u e  o f  a p p l y i n g  p r e s s u r e  w i t h  
a p a i r  o f  c a l i b r a t e d  n e e d l e - n o s e d  p l i e r s  t o  t h e  a n i m a l ' s  e x t r e m i t i e s .
A p u s h - p u l l  s p r i n g  s c a l e  ( C h a l e t o n  M odel ,  New York)  w h ic h  m e a s u r e d  
f rom 1-  t o  12 -p o u n d s  o f  p r e s s u r e  was m oun ted  i n  a wooden b l o c k .  A 
b r a s s  b l o c k  was s o l d e r e d  on t h e  en d  t o  p u s h  w i t h  a wooden b l o c k .  
P r e s s u r e  was a p p l i e d  t o  t h e  a n i m a l ' s  t a i l  by a m e t a l  p r e s s u r e  p a d ,  
w i t h  a r e a  o f  1 /2 0  s q .  i n . ,  up a g a i n s t  a n o t h e r  m e t a l  p r e s s u r e  pad  
m o u n ted  i n  t h e  wooden b a c k s t o p .
D u r in g  t e s t i n g ,  t h e  a n i m a l s  w ere  r e s t r a i n e d  i n  a s m a l l  p l a s t i c  
c y l i n d r i c a l  ch am b er .  The m o s t  d i s t a l  1 cm o f  t h e  t a i l  was p l a c e d  i n  
b e t w e e n  t h e  b a c k s t o p  and  t h e  p r e s s u r e  p a d .  The t e s t  c o n s i s t e d  o f  t h e  
g r a d u a l  a p p l i c a t i o n  o f  p r e s s u r e  u n t i l  a t a i l  f l i c k  was  n o t e d .  The 
m i n i m a l  amount o f  f o r c e  n e c e s s a r y  t o  p r o v o k e  an  a v e r s i v e  r e s p o n s e  was
n o t e d  on t h e  c a l i b r a t e d  s c a l e  an d  r e c o r d e d .
N e x t ,  t h e  e f f e c t  o f  b r a i n  s t i m u l a t i o n  on p r e s s u r e  p a i n  was 
m e a s u r e d .  The b r a i n  s t i m u l a t i o n  p r o c e d u r e  was e s s e n t i a l l y  t h e  same 
a s  t h a t  u s e d  by M ayer ,  W o l f l e ,  A k i l ,  C a r d e r  and  L e i b e s k i n d  ( 1 9 7 1 ) .  
B r a i n  s t i m u l a t i o n  was p r o v i d e d  by a G r a s s  c o n s t a n t - c u r r e n t  s t i m u l a ­
t o r  ( G ra s s  I n s t r u m e n t s ,  Q u i n c y ,  M a s s a c h u s e t t s  Model  CCU 1A) and  c o n ­
s i s t e d  o f  b i p h a s i c  r e c t a n g u l a r  p u l s e  p a i r s  d e l i v e r e d  a t  50 p e r  s e c ­
ond i n  100 m i l l i s e c o n d  t r a i n s .  T r a i n s  o f  p u l s e s  w ere  d e l i v e r e d  a t  
a  r a t e  o f  3 p e r  s e c o n d .  I f  a n  a n i m a l  showed s i g n s  o f  c o n v u l s i o n s  
t h e  c u r r e n t  i n t e n s i t y  was d e c r e a s e d  t o  a n o n - c o n v u l s i v e  r a n g e .  T h u s ,  
c u r r e n t  i n t e n s i t y  was from 1 , 2 0 0  p a  t o  3 , 0 0 0  p a  w h ic h  was w i t h i n  
a n a l g e s i c  p a r a m e t e r s .  The p r o c e d u r e  was  c o n t i n u e d  a s  b e f o r e ,  b u t  
now a 5 m in .  p e r i o d  o f  b r a i n  s t i m u l a t i o n  was a d m i n i s t e r e d  b e f o r e  
e a c h  t a i l  p i n c h .  A 5 s e c o n d  i n t e r v a l  e l a p s e d  b e tw e e n  t h e  end  o f  t h e  
p e r i o d  o f  b r a i n  s t i m u l a t i o n  and t h e  a d m i n i s t r a t i o n  o f  p r e s s u r e s .  An 
a n i m a l  was c o n s i d e r e d  a n a l g e s i c  i f  a  t a i l  f l i c k  d i d  n o t  o c c u r  t o  4 
o r  more pounds  o f  p r e s s u r e .  An a v e r s i v e  r e s p o n s e  i s  g e n e r a l l y  
e v o k ed  i n  an  u n t r e a t e d  r a t  w i t h  l e s s  t h a n  2 kg o f  f o r c e .
On t h e  b a s i s  o f  t h e  p i n c h  t e s t  t h e  a n i m a l s  w e r e  d i v i d e d  i n t o  
t h r e e  g r o u p s .  The f i r s t  g ro u p  c o n s i s t e d  o f  t h o s e  a n i m a l s  i n  w h ich  
s t i m u l a t i o n  p r o d u c e d  a n a l g e s i a .  The s e c o n d  g ro u p  was  c o m p r i s e d  o f  
t h o s e  a n i m a l s  i n  w h ich  b r a i n  s t i m u l a t i o n  d i d  n o t  p r o d u c e  a n a l g e s i a .  
The t h i r d  g roup  was t h e  sham o p e r a t e d  c o n t r o l s .
T h re e  d i f f e r e n t  c o n d i t i o n s  w ere  t e s t e d  d u r i n g  t h r e e  c o n s e ­
c u t i v e  d a y s .
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a .  I n  t h e  p r e - s t i m u l a t i o n  c o n d i t i o n  t h e  s t i m u l a t i o n  c o r d  was 
a t t a c h e d  b u t  t h e  a n i m a l  was n o t  s t i m u l a t e d .
b .  I n  t h e  s e c o n d  c o n d i t i o n  e a c h  r a t  was s t i m u l a t e d  f o r  5 m i n .  
p r i o r  t o  t e s t i n g .
c .  The p o s t - s t i m u l a t i o n  c o n d i t i o n  was  s i m i l a r  t o  t h e  p r e -  
s t i m u l a t i o n  c o n d i t i o n .
Each  a n i m a l  u n d e r w e n t  a l l  f i v e  t e s t s :  s a c c h a r i n  t e s t ,  q u i n i n e
t e s t ,  v i s u a l  c l i f f  t e s t ,  p e n c i l  b i t e  t e s t  and  s t a r t l e  t e s t  u n d e r  e a c h  
o f  t h e  t h r e e  c o n d i t i o n s .  A 5 m i n u t e  r e s t  p e r i o d  was  a l l o w e d  b e t w e e n  
e a c h  t e s t .
S a c c h a r i n  t e s t . S a c c h a r i n  c o n s u m p t i o n  h a s  b e e n  a commonly 
u s e d  t e s t  t o  m e a s u r e  m o t i v a t i o n a l  c h a n g e s  i n  a n i m a l s  (C a b a n a c ,  M i n a i r e  
& A d a i r ,  1968;  H s i a o  6c R a s m u s s e n ,  1968;  Wade 6c Z u c k e r ,  1970;  Z u c k e r ,  
1 9 6 9 ) .  B a u e r  (1968)  showed t h a t  f e m a le  r a t s  u n d e r  ab l i b  c o n d i t i o n s  
h i g h l y  p r e f e r r e d  a .2%, sod ium  s a c c h a r i n  s o l u t i o n  i n  a o n e - b o t t l e  s i t u a ­
t i o n .  I n  a s u b s e q u e n t  s t u d y  B a u e r  (1969)  showed t h a t  m o t i v a t i o n a l  
s t a t e  a f f e c t s  s a c c h a r i n  p r e f e r e n c e .
D u r in g  t h e  t e s t i n g  s i t u a t i o n  e a c h  a n i m a l  was p l a c e d  i n  a 
s p e c i a l l y  c o n s t r u c t e d  10 i n .  x 20 i n .  ( i n s i d e  m e a s u r e m e n t s )  wooden 
t e s t  cham ber  w i t h  two o p e n i n g s .  S p o u t s  w e re  e x t e n d e d  t h r o u g h  a h o l e  
and  e a c h  r a t  was p r e s e n t e d  a 0.2% sod ium  s a c c h a r i n  (Merck) s o l u t i o n  
(2g s a c c h a r i n  p e r  l i t e r  o f  t a p  w a t e r ) , i n  i n v e r t e d  50 ml g a s  m e a s u r i n g  
tu b e  (Kimax,  model  3 0 0 6 0 ) .  S a c c h a r i n  c o n s u m p t io n  was  m e a s u r e d  f o r  
1 h r .  A s w i v e l  s t i m u l a t i o n  c o r d  c o n n e c t o r  was c o n s t r u c t e d  and  
a t t a c h e d  t o  t h e  to p  o f  t h e  box  t h u s  a l l o w i n g  t h e  a n i m a l  f r eed o m  o f
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movement and l e s s  c h a n c e  o f  t a n g l i n g  t h e  c o r d  o r  p u l l i n g  o u t  t h e  
s t i m u l a t i o n  c o r d  from t h e  e l e c t r o d e  c a p .
Q u i n i n e  t e s t . Q u i n i n e  a d v e r s i o n  h a s  a l s o  b e e n  u s e d  a s  a 
m e a s u r e  t o  t e s t  m o t i v a t i o n a l  c h a n g e s  (A n g e lo ,  1970;  C i c a l a  6c 
M cM ichae l ,  1964;  M i l l e r ,  1955;  P a r e ,  1 9 6 9 ) .  More r e c e n t l y  M a rk s ,  
F a r g a s o n  and Hobbs (1972)  r e p o r t e d  f i n d i n g  m o t i v a t i o n a l  c h a n g e s  
u s i n g  a 0 . 0 0 5  mg/ml q u i n i n e  s o l u t i o n .  F i v e  m i n u t e s  a f t e r  t h e  
s a c c h a r i n  t e s t  e a c h  r a t  was p l a c e d  i n  t h e  same wooden t e s t i n g  
cham ber  and  p r e s e n t e d  a 0 . 0 0 5  mg/ml q u i n i n e  h y d r o c h l o r i d e  s o l u t i o n  
i n  t a p  w a t e r  i n  an  i n v e r t e d  50 ml g a s  m e a s u r i n g  t u b e .  Q u i n i n e  c o n ­
s u m p t i o n  was m e a s u r e d  f o r  a p e r i o d  o f  1 h r .
V i s u a l  c l i f f  t e s t . The v i s u a l  c l i f f  a p p a r a t u s  was e s s e n ­
t i a l l y  t h e  same a s  t h a t  u s e d  by G ib s o n  and  Walk ( 1 9 6 1 ) ,  and  c o n ­
s i s t e d  o f  a 15 i n .  x  30 i n .  p i e c e  o f  g l a s s  w h ic h  i s  b o r d e r e d  by 
8 i n .  h i g h  b o a r d s  p a i n t e d  f l a t  g r a y .  Under  t h e  g l a s s  a r e  p a t t e r n s  
o f  r e d  and  w h i t e  1 i n .  s q .  c h e c k s .  The p a t t e r n  on t h e  s h a l l o w  s i d e  
i s  f l u s h  w i t h  t h e  u n d e r s i d e  o f  t h e  g l a s s ,  w h i l e  t h e  d e e p - s i d e  p a t t e r n  
i s  s u s p e n d e d  a t  a  p o i n t  18 i n s .  b e n e a t h  t h e  g l a s s .  A c r o s s  was 
r e c o r d e d  when t h e  a n i m a l  h a d  moved a l l  f o u r  f e e t  t o  t h e  deep  o r  
s h a l l o w  s i d e .  Each  a n i m a l  h a d  i t s  w h i s k e r s  ( v i b r i s s a e )  c u t  p r i o r  t o  
t e s t i n g .  T e s t i n g  c o n s i s t e d  o f  o b s e r v i n g  e a c h  a n i m a l  a f t e r  i t  was 
p l a c e d ,  f a c i n g  l o n g i t u d i n a l l y ,  on  t h e  c e n t e r  o f  t h e  c l i f f .  C r o s s i n g s  
t o  t h e  deep  o r  s h a l l o w  s i d e  w ere  r e c o r d e d  a s  t h e y  o c c u r r e d .  Each 
t e s t i n g  p e r i o d  c o n s i s t e d  o f  f i v e  t r i a l s .  A f t e r  e a c h  c r o s s i n g  th e  
a n i m a l  was p i c k e d  up an d  r e t u r n e d  t o  t h e  c e n t e r  o f  t h e  c l i f f .  The
17
g l a s s  on b o t h  s i d e s  was w ip e d  p r i o r  t o  e a c h  t e s t i n g  s e s s i o n  w i t h  a 
10% a l c o h o l  s o l u t i o n  t o  p r e v e n t  c r o s s i n g s  b a s e d  on a  p r e v i o u s  a n i m a l ' s  
b e h a v i o r .  The l i g h t s  w e re  dimmed t o  p r e v e n t  r e f l e c t i o n  f rom t h e  
g l a s s .  D u r in g  t h e  t e s t i n g  s i t u a t i o n  t h e  e x p e r i m e n t o r  s t o o d  to w a rd  
t h e  c e n t e r  o f  t h e  c l i f f ,  s e v e r a l  f e e t  away.
P e n c i l  b i t e  t e s t . When a s m a l l  p o i n t e d  o b j e c t  i s  p r e s e n t e d  
t o  a r a t ,  t h e  n a t u r a l  r e a c t i o n  i s  t o  b i t e  i t .  To t e s t  t h e  e f f e c t s  
o f  b r a i n  s t i m u l a t i o n  p r o d u c i n g  a n a l g e s i a  on n o rm a l  " a g g r e s s i v e  l i k e "  
b e h a v i o r ,  t h e  e r a s e r  en d  o f  a  p e n c i l  was  p r e s e n t e d  t o  e a c h  a n i m a l  
i n  t h e i r  home cag e  u n d e r  e a c h  o f  t h e  t h r e e  c o n d i t i o n s .  A 5 - p o i n t  
r a t i n g  s c a l e  was d e v i s e d  a s  f o l l o w s :  i g n o r e s  = 1,  s n i f f  = 2 ,  b i t e
l i g h t l y  = 3 ,  b i t e  = 4 ,  and  b i t e  f i e r c e l y — 5 .  The r e s p o n s e  t o  t h e  
p e n c i l  t e s t  was r a t e d  i n d e p e n d e n t l y  by two o b s e r v e r s  and  i n t e r - r a t e r  
r e l i a b i l i t y  was h i g h  ( . 9 0 ) 0 The e r a s e r  end  o f  t h e  p e n c i l  was p r e ­
s e n t e d  t o  e a c h  a n i m a l  a t  m outh  l e v e l  f o r  a p e r i o d  o f  5 s e c o n d s .  I f  
t h e  r a t  was  n o t  l o o k i n g  i n  t h a t  d i r e c t i o n  t h e  p e n c i l  was s c r a p e d  
a c r o s s  t h e  f r o n t  o f  t h e  c a g e  i n  an  e f f o r t  t o  g a i n  t h e  a n i m a l ' s  a t t e n ­
t i o n .
S t a r t l e  r e s p o n s e  t e s t . M e a s u r i n g  t h e  r a t ' s  b e h a v i o r  d u r i n g  
t h e  p r e s e n t a t i o n  o f  a l o u d  sound  ( a c o u s t i c a l  s t a r t l e )  h a s  p r e v i o u s l y  
b e e n  s t u d i e d  by Hof fman and  F l e s h i e r  ( 1 9 6 4 ) ,  Hoffman and  S e a r l e  ( 1 9 6 8 ) ,  
and  Hoffman and  W ib le  ( 1 9 6 9 ) .  Each  a n i m a l  was p l a c e d  i n  i t s  home c a g e  
on a f l a t  b o a r d  1 0 - 1 / 2  i n .  x  1 0 - 1 / 2  i n .  a c r o s s  a p n e u m a t i c  a c c e l e r o m e t e r  
ho o k ed  up t o  a p r e s s u r e  t r a n s d u c e r  ( G r a s s  V o l m e t r i c  P r e s s u r e  T r a n s d u c e r ,  
Model  PT5A), w h ich  i n  t u r n  w e n t  t o  a  D .C. p r e - a m p l i f i e r  ( G r a s s  Low
1 8 .
L e v e l  DiC. P r e - A m p l i f i e r ,  Model  7P1B and  G r a s s  Model  7 P o l y g r a p h ) .
A 6 , 0 0 0  c p s ,  105 db t o n e  was  p r e s e n t e d  by a n  a u d i o  g e n e r a t o r  
( L a f a y e t t e ,  Model  1421 .  L a f a y e t t e  I n d i a n a )  t h r o u g h  a 12 i n .  KLH 
s p e a k e r  p l a c e d  2 - 1 / 2  i n .  i n  f r o n t  o f  t h e  c a g e .  S t i m u l u s  d u r a t i o n  was  
2 s e c o n d s .  The s t a r t l e  r e s p o n s e  was r e c o r d e d  b y  t h e  p o l y g r a p h .  
H i s t o l o g y
Upon c o m p l e t i o n  o f  t e s t i n g ,  a l l  s u b j e c t s  w e re  s a c r i f i c e d  
w i t h  a l e t h a l  dose  o f  p e n t o b a r b i t a l  i n t r a p e r i t o n e a l l y . The a n i m a l s  
w ere  t h e n  p e r f u s e d  t h r o u g h  t h e  h e a r t  w i t h  p h y s i o l o g i c a l  s a l i n e  and  
10% f o r m a l i n e .  The b r a i n s  w e re  removed and s t o r e d  i n  10% f o r m a l i n e .  
They w ere  im bedded i n  egg  y o l k  a c c o r d i n g  t o  a m o d i f i c a t i o n  o f  t h e  
p r o c e d u r e  o f  E bbeson  ( 1 9 7 0 ) .  U s in g  a m i c r o to m e  and  t h e  f r o z e n  s e c ­
t i o n  p r o c e d u r e ,  s e r i a l  f r o z e n  s e c t i o n s  w ere  c u t  a t  50 y , s t a i n e d  w i t h  
c r e s y l  v i o l e t ,  and  m oun ted  f o r  d e t e r m i n a t i o n  o f  t h e  p l a c e m e n t  o f  
e l e c t r i c a l  t i p s .
R e s u l t s
H i s t o l o g y
Of t h e  t h r e e  a n i m a l s  w h ic h  d i d  n o t  s u r v i v e  s u r g e r y ,  one was 
i n  t h e  n o n - a n a l g e s i c  g r o u p  and  two w ere  i n  t h e  sham o p e r a t e d  c o n t r o l  
g r o u p .  D u r in g  t e s t i n g  s e v e n  a n i m a l s  p u l l e d  t h e  e l e c t r o d e  o u t  o f  t h e  
a c r y l i c  cap  and  w ere  d i s c a r d e d  from t h e  e x p e r i m e n t .  T h e s e  i n c l u d e d  
s i x  a n i m a l s ,  p r i o r  t o  t h e  d e t e r m i n a t i o n  o f  w h e t h e r  t h e y  w e re  a n a l g e s i c  
o r  n o t ,  one f rom t h e  a n a l g e s i c  g r o u p  and  one f rom t h e  n o n - a n a l g e s i c  
g r o u p .  L o c a t i o n  o f  t h e  e l e c t r o d e s  f o r  ea c h  g ro u p  i s  p r e s e n t e d  i n  
F i g u r e s  1 and  2 .  L o c a t i o n  o f  a l l  e l e c t r o d e  t i p s  w e re  v e r i f i e d  by 
r e f e r e n c e  t o  t h e  m o d i f i e d  de G r o o t  s y s t e m  o f  P e l l e g r i n o  and  Cushman 
( 1 9 6 7 ) .
P i n c h  T e s t
A f t e r  r e c o v e r y  f rom s u r g e r y  and  p r i o r  t o  s t i m u l a t i o n  b a s e ­
l i n e  p i n c h  t h r e s h o l d s  w ere  m e a s u r e d .  N e x t ,  t h e  e f f e c t s  o f  b r a i n  
s t i m u l a t i o n  on p i n c h  t h r e s h o l d  was m e a s u r e d .  I n  t h e  p i n c h  t e s t  
p r e s s u r e  i s  a p p l i e d  t o  t h e  m o s t  d i s t a l  1 cm o f  t h e  r a t ' s  t a i l .
A f t e r  a  c e r t a i n  amount o f  p r e s s u r e ,  a su d d e n  movement  ( f l i c k )  o f  t h e  
t a i l  o c c u r s .  An i n c r e a s e  i n  t h e  l a t e n c y  o f  t h i s  r e s p o n s e  t o  
i n c r e a s i n g  p r e s s u r e  c o n s t i t u t e s  a n a l g e s i a .  An a n i m a l  was c o n s i d e r e d  
t o  be a n a l g e s i c  i f  a  t a i l  f l i c k  o c c u r r e d  a f t e r  t h e  a p p l i c a t i o n  o f  
f o u r  o r  more  pounds  o f  p r e s s u r e .  P i n c h  t e s t  p e r f o r m a n c e  i s  p r e ­
s e n t e d  i n  F i g u r e  3 and  T a b l e  1.




SCHEMATIC RECONSTRUCTION OF THE LOCATION OF 
ELECTRODE TIPS SHOWING SITES AT WHICH 
STIMULATION PRODUCED ANALGESIA
Diagram modified from the stereotaxic 
atlas of Pellegrino and Cushman
A: aqueduct of sylvius
PVG: periventricular gray matter






SCHEMATIC RECONSTRUCTION OF THE LOCATION OF 
ELECTRODE TIPS SHOWING SITES AT WHICH 
STIMULATION FAILED TO PRODUCE 
ANALGESIA
D iagram m o d i f i e d  f rom t h e  s t e r e o t a x i c  
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two g r o u p s :  ( a )  a n a l g e s i c  g r o u p ,  (b)  n o n - a n a l g e s i c  g r o u p  and  t h e
sham o p e r a t e d  c o n t r o l s .
B a s e l i n e  p i n c h  t h r e s h o l d s  f o r  a l l  a n i m a l s  was v i r t u a l l y  t h e  
same.  Only d u r i n g  s t i m u l a t i o n  d i d  d i f f e r e n c e s  o c c u r  b e t w e e n  t h e  
sham g ro u p  and  t h e  i m p l a n t e d  a n i m a l s .  Those  t h a t  w e re  fo u n d  t o  be 
a n a l g e s i c  showed s i g n i f i c a n t  i n c r e a s e s  w h i l e  t h e  t h r e s h o l d  f o r  t h o s e  
a n i m a l s  found  t o  be n o n - a n a l g e s i c  and  t h e  sham o p e r a t e d  c o n t r o l s  
w e re  e x a c t l y  t h e  same.
S a c c h a r i n  and  Q u i n i n e  T e s t s
Each a n i m a l  was p r e s e n t e d  w i t h  a 0.27, sod ium  s a c c h a r i n  s o l u ­
t i o n  i n  i n v e r t e d  50 ml g a s  m e a s u r i n g  t u b e s  t h r o u g h  an  o p e n i n g  i n  
t h e  wooden t e s t i n g  ch a m b e r .  S a c c h a r i n  c o n s u m p t i o n  was  m e a s u r e d  f o r  
1 h r .  u n d e r  e a c h  o f  t h e  t h r e e  s t i m u l a t i o n  c o n d i t i o n s .  A f t e r  a 5 m i n .  
r e s t  p e r i o d ,  q u i n i n e  c o n s u m p t i o n  was  a l s o  m e a s u r e d  f o r  1 h r .  u s i n g  
a 0 . 0 0 5  mg/ml q u i n i n e  s o l u t i o n .
An u n w e i g h t e d  means  a n a l y s i s  o f  v a r i a n c e ,  3 x 3  w i t h  r e p e a t e d  
m e a s u r e s  on t h e  s e c o n d  f a c t o r  ( s t i m u l a t i o n  c o n d i t i o n s ) , was p e r f o r m e d  
on t h e s e  d a t a .  T h e r e  w ere  no s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  
s a c c h a r i n  o r  q u i n i n e  c o n s u m p t i o n  i n  t h e  a n a l g e s i c ,  n o n - a n a l g e s i c  o r  
sham g r o u p s  d u r i n g  t h e  p r e - s t i m u l a t i o n ,  s t i m u l a t i o n ,  and  p o s t -  
s t i m u l a t i o n  c o n d i t i o n s .  T h i s  f i n d i n g  was c o n t r a r y  t o  t h e  p r e d i c t i o n  
t h a t  t h e  a n a l g e s i c  a n i m a l  when s t i m u l a t e d  a s  a  r e s u l t  o f  h y p e r ­
r e a c t i v i t y  d r i n k s  more  s a c c h a r i n  and  l e s s  q u i n i n e  t h a n  t h e  o t h e r  
a n i m a l s .  E i t h e r  s u b j e c t  v a r i a b i l i t y  o r  t h e  s h o r t n e s s  o f  t h e  t e s t i n g  
p e r i o d  may a c c o u n t  f o r  t h e  l a c k  o f  d i f f e r e n c e s .
V i s u a l  C l i f f
Each a n i m a l  was p l a c e d  f a c i n g  l o n g i t u d i n a l l y ,  on t h e  c e n t e r  
o f  t h e  c l i f f .  A c r o s s  was r e c o r d e d  when t h e  a n i m a l  h a d  moved a l l  
f o u r  f e e t  t o  t h e  deep  o r  s h a l l o w  ’’s a f e ” s i d e .  C r o s s i n g s  t o  t h e  
deep  o r  s h a l l o w  s i d e  w e re  r e c o r d e d  a s  t h e y  o c c u r r e d .  Each  t e s t i n g  
p e r i o d  c o n s i s t e d  o f  f i v e  t r i a l s .  A f t e r  e a c h  c r o s s i n g  t h e  a n i m a l  
was  p i c k e d  up and  r e t u r n e d  t o  t h e  c e n t e r  o f  t h e  c l i f f .  V i s u a l  c l i f f  
p e r f o r m a n c e  was m e a s u r e d  u n d e r  t h e  t h r e e  s t i m u l a t i o n  c o n d i t i o n s :
( a )  p r e - s t i m u l a t i o n ,  (b)  s t i m u l a t i o n ,  and  (c )  p o s t - s t i m u l a t i o n .  A 
summary o f  v i s u a l  c l i f f  p e r f o r m a n c e  i s  p r e s e n t e d  i n  F i g u r e  4 and  i n  
T a b l e  1.
An u n w e i g h t e d  means  a n a l y s i s  o f  v a r i a n c e ,  3 x 3  w i t h  r e p e a t e d  
m e a s u r e s ,  was p e r f o r m e d  on t h e s e  d a t a .  The summary o f  t h i s  a n a l y s i s  
i s  p r e s e n t e d  i n  T a b l e  2 .  As shown i n  T a b l e  2 ,  s i g n i f i c a n t  F v a l u e s  
w ere  fo u n d  a c r o s s  s t i m u l a t i o n  c o n d i t i o n s  and  f o r  t h e  i n t e r a c t i o n  
b e t w e e n  s t i m u l a t i o n  c o n d i t i o n s  and  g r o u p s .  A T u k e y ’ s t e s t  was p e r ­
fo rm ed  on t h e s e  q u o t i e n t s .  D u r i n g  t h e  p r e - s t i m u l a t i o n  c o n d i t i o n  no 
s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  t h e  number  o f  c r o s s i n g s  t o  t h e  
s h a l l o w  s i d e  w e re  found  f o r  any o f  t h e  g r o u p s .  H owever ,  t h e  a n a l ­
g e s i c  g r o u p  showed s i g n i f i c a n t l y  more c r o s s i n g s  t o  t h e  s h a l l o w  s i d e  
d u r i n g  s t i m u l a t i o n  t h a n  d i d  t h e  n o n - a n a l g e s i c  and  sham g r o u p s  (jq = 
2 8 . 6 7  and  2 0 . 6 7 ,  r e s p e c t i v e l y ,  £  <  .05 )  a s  p r e d i c t e d .  I n  f a c t  a l l  
t h e  a n a l g e s i c  a n i m a l s  e x c e p t  one c r o s s e d  t o  t h e  " s a f e ” s i d e  on a l l  
f i v e  t r i a l s  d u r i n g  s t i m u l a t i o n .  D u r i n g  t h e  p o s t - s t i m u l a t i o n  c o n d i ­
t i o n  t h e  a n a l g e s i c  g ro u p  made s i g n i f i c a n t l y  f e w e r  c r o s s i n g s  t o  t h e
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A n a l y s i s  o f  V a r i a n c e  Summary T a b l e  
f o r  U n w e ig h te d  Means on V i s u a l  
C l i f f  P e r f o r m a n c e
S o u r c e  d f  MS
Groups  (A) 2 . 0  7 3 .9 9  0 . 1 2
E r r o r  A 1 3 . 0  6 2 3 . 9 3
C o n d i t i o n s  (B) 2 . 0  1 , 2 4 7 . 3 2  4 . 9 8
A x  B 4 . 0  1 , 2 4 9 . 6 7  4 . 9 9
E r r o r  B 2 6 . 0  2 5 0 . 6 0
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s h a l l o w  s i d e  t h a n  d i d  t h e  n o n - a n a l g e s i c  and  sham g r o u p s  = 2 9 . 3 3  
and  2 1 . 3 3 ,  r e s p e c t i v e l y ,  jd <  . 0 5 ) .  A g a in  no s i g n i f i c a n t  d i f f e r e n c e s  
w ere  shown b e t w e e n  t h e  number  o f  c r o s s i n g s  f o r  t h e  n o n - a n a l g e s i c  
and  sham g r o u p s .  The s i g n i f i c a n t l y  few c r o s s i n g s  t o  t h e  " s a f e "  s i d e  
d u r i n g  p o s t - s t i m u l a t i o n  was s u r p r i s i n g .  I t  may be  due t o  an  a f t e r ­
a f f e c t .
P e n c i l  T e s t
A 5 - p o i n t  r a t i n g  s c a l e  was d e v i s e d  t o  a s s e s s  t h e  e f f e c t  o f  
a n a l g e s i a  on t h e  n o r m a l  a g g r e s s i v e  r e a c t i o n  o f  a r a t  when p r e s e n t e d  
w i t h  a  s m a l l  p o i n t e d  o b j e c t  s u c h  a s  a  p e n c i l .  The r e s p o n s e  t o  t h e  
p e n c i l  t e s t  was r a t e d  i n d e p e n d e n t l y  by two o b s e r v e r s  and  t h e  i n t e r ­
r a t e r  r e l i a b i l i t y  was h i g h  ( . 9 0 ) .  The e r a s e r  end  o f  t h e  p e n c i l  was 
p r e s e n t e d  t o  e a c h  a n i m a l  a t  m o u th  l e v e l  f o r  a p e r i o d  o f  5 s e c o n d s .
I f  t h e  r a t  was  n o t  l o o k i n g  i n  t h a t  d i r e c t i o n  t h e  p e n c i l  was s c r a p e d  
a c r o s s  t h e  f r o n t  o f  t h e  cage  i n  an  e f f o r t  t o  g a i n  t h e  a n i m a l ' s  a t t e n ­
t i o n .
A v e ra g e  a g g r e s s i v e  b e h a v i o r  f o r  a l l  g r o u p s  i s  p r e s e n t e d  i n  
F i g u r e  5 and  T a b l e  1. T h es e  d a t a  w e re  a n a l y z e d  a s  a  3 x 3 u n w e i g h t e d  
means  a n a l y s i s  o f  v a r i a n c e .  The summary o f  t h i s  a n a l y s i s  i s  p r e s e n t e d  
i n  T a b l e  3 .  T h e r e  w ere  d i f f e r e n c e s  a c r o s s  g r o u p s  a p p r o a c h i n g  s i g n i f i ­
c a n c e  a t  t h e  .05  l e v e l .  A T u k e y 1s t e s t  was p e r f o r m e d  on t h e s e  q u o ­
t i e n t s .  The sham g r o u p  d i s p l a y e d  a  more a g g r e s s i v e  r e s p o n s e  t o  t h e  
p e n c i l  p r e s e n t a t i o n  t h a n  d i d  t h e  n o n - a n a l g e s i c  g r o u p  (c[ = .67 a p p r o a c h e s  
s i g n i f i c a n c e  a t  t h e  .05  l e v e l ) .  H owever ,  t h e  p e n c i l  p r e s e n t a t i o n  h a d  
l i t t l e  e f f e c t  on o v e r a l l  a g g r e s s i v e  a t t a c k  i n  any o f  t h e  t h r e e  g r o u p s .

FIGURE 5
SUMMARY OF RATINGS FOR ATTACK RESPONSE 
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TABLE 3
A n a l y s i s  o f  V a r i a n c e  Summary T a b l e  
f o r  U n w e ig h te d  Means on 
P e n c i l  T e s t
S o u r c e  d f  MS F
Groups  (A) 2 . 0  1 . 8 4  2 . 7 2
E r r o r  A 1 3 . 0  0 . 6 8
C o n d i t i o n s  (B) 2 . 0  0 . 2 4  0 . 5 6
A x B  4 . 0  0 . 6 2  1 . 4 4
E r r o r  B 2 6 . 0  0 . 4 3
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The f a c t  t h a t  t h e  sham g ro u p  showed more  o f  a  r e s p o n s e  t h a n  d i d  t h e  
o t h e r  two g r o u p s  may s u g g e s t  t h a t  h a v i n g  a n  e l e c t r o d e  i m p l a n t e d  i n  
t h e  b r a i n  r e d u c e s  n o r m a l  a g g r e s s i v e  b e h a v i o r .  I t  was n o t e d  t h a t  t h e  
r e s p o n s e  o f  a l l  g r o u p s  was s u r p r i s i n g l y  low a s  com pared  t o  t h e  a g g r e s ­
s i v e n e s s  n o r m a l l y  fo u n d  i n  a l b i n o  r a t s .
S t a r t l e  T e s t
F i v e  m i n u t e s  a f t e r  t h e  p e n c i l  t e s t  t h e  a n i m a l ' s  b e h a v i o r  
was  m e a s u r e d  d u r i n g  t h e  p r e s e n t a t i o n  o f  a l o u d  sound  u n d e r  e a c h  o f  
t h e  t h r e e  s t i m u l u s  c o n d i t i o n s .  A 6 , 0 0 0  c p s ,  105 db t o n e  was p r e ­
s e n t e d  by an  a u d i o g e n e r a t o r  t h r o u g h  a 12 i n .  s p e a k e r  p l a c e d  2 - 1 / 2  i n .  
i n  f r o n t  o f  t h e  c a g e .  S t i m u l u s  d u r a t i o n  was 2 s e c o n d s .  S t a r t l e  
r e s p o n s e  was m e a s u r e d  by t h e  pen  d e f l e c t i o n  on t h e  p o l y g r a p h ,  t h e  
g r e a t e r  t h e  s t a r t l e  t h e  l a r g e r  t h e  a m p l i t u d e  o f  p e n  d e f l e c t i o n .
The a v e r a g e  s t a r t l e  r e a c t i o n  f o r  a l l  g r o u p s  i s  p r e s e n t e d  i n  
F i g u r e  6 and T a b l e  1.  T h es e  d a t a  w ere  a n a l y z e d  a s  a 3 x 3 a n a l y s i s  
o f  v a r i a n c e  ( u n w e i g h t e d  m eans )  w i t h  r e p e a t e d  m e a s u r e s  on t h e  s e c o n d  
f a c t o r  ( s t i m u l u s  c o n d i t i o n s ) . The summary o f  t h i s  a n a l y s i s  i s  p r e ­
s e n t e d  i n  T a b l e  4 .  T h e re  was a s i g n i f i c a n t  i n t e r a c t i o n  b e tw e e n  
g r o u p s  and  s t i m u l u s  c o n d i t i o n s .  A T u k e y 1s t e s t  was p e r f o r m e d  on 
t h e s e  q u o t i e n t s .  D u r i n g  t h e  p r e - s t i m u l a t i o n  c o n d i t i o n  t h e  s t a r t l e  
r e a c t i o n  o f  t h e  a n a l g e s i c  a n i m a l s  was s i g n i f i c a n t l y  s m a l l e r  t h a n  
e i t h e r  t h e  n o n - a n a l g e s i c  o r  sham g r o u p s  ( £  = .5 0 4  and  . 7 2 2 ,  
r e s p e c t i v e l y ,  ]> <  . 0 5 ) .  The n o n - a n a l g e s i c  a n i m a l s  d i d  n o t  d i f f e r  
f rom t h e  sham a n i m a l s .
D u r i n g  t h e  s t i m u l a t i o n  c o n d i t i o n  t h e r e  w e re  no s i g n i f i c a n t

FIGURE 6

































A n a l y s i s  o f  V a r i a n c e  Summary T a b l e  
f o r  U n w e ig h te d  Means on 
S t a r t l e  R e a c t i o n
S o u r c e d f MS F
Groups  (A) 2 . 0 0 . 7 6 1 . 4 7
E r r o r  A 1 3 . 0 0 . 5 2
C o n d i t i o n s  (B) 2 . 0 0 . 5 9 0 . 4 7
A x  B 4 . 0 0 . 3 4 2 . 7 1
E r r o r  B 2 6 . 0 0 . 1 2
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d i f f e r e n c e s  b e t w e e n  any o f  t h e  t h r e e  g r o u p s .  A l t h o u g h  t h e  d i f f e r e n c e  
d i d  n o t  r e a c h  s i g n i f i c a n c e  t h e  a n a l g e s i c  g r o u p  d i s p l a y e d  an  i n c r e a s e  
i n  s t a r t l e  r e a c t i o n  d u r i n g  t h e  s t i m u l a t i o n  c o n d i t i o n  o v e r  t h e  p r e -  
an d  p o s t - s t i m u l a t i o n  c o n d i t i o n s  a s  e x p e c t e d .  S u r p r i s i n g l y  t h e  
a n i m a l s  t h a t  c o n s t i t u t e d  t h e  n o n - a n a l g e s i c  g r o u p  showed a l i n e a r  
d e c r e a s e  i n  s t a r t l e  r e a c t i o n  d u r i n g  t h e  t h r e e  s t i m u l a t i o n  c o n d i t i o n s  
and  t h e  shams showed an  i n c r e a s e  t h r o u g h o u t  a l l  t h r e e  c o n d i t i o n s .
D u r in g  t h e  p o s t - s t i m u l a t i o n  c o n d i t i o n  t h e  sham o p e r a t e d  
a n i m a l s  d i s p l a y e d  a s i g n i f i c a n t l y  g r e a t e r  s t a r t l e  t h a n  d i d  t h e  
a n a l g e s i c  and  n o n - a n a l g e s i c  g r o u p s .  No s i g n i f i c a n t  d i f f e r e n c e s  w e re  
fo u n d  b e t w e e n  t h e  s t a r t l e  o f  t h e  n o n - a n a l g e s i c  and  a n a l g e s i c  g r o u p s .
D i s c u s s i o n
T h i s  s t u d y  t e s t e d  w h e t h e r  m o t i v a t i o n a l  c h a n g e s  o c c u r  when 
a n  a n i m a l  i s  e l e c t r i c a l l y  s t i m u l a t e d  i n  t h e  CG r e g i o n  o f  t h e  r a t ,  
p r o d u c i n g  a n a l g e s i a .  More s p e c i f i c a l l y ,  w h e t h e r  t h i s  m o t i v a t i o n a l  
ch an g e  i s  s p e c i f i c ,  p r o d u c i n g  i n c r e a s e d  f e a r - l i k e  b e h a v i o r  o r  a  
g e n e r a l i z e d  m o t i v a t i o n a l  c h a n g e  p r o d u c i n g  h y p e r r e a c t i v i t y  t o  e n v i r o n ­
m e n t a l  s t i m u l i .  The p i n c h  t e s t  f o r  a n a l g e s i a ,  shown i n  F i g u r e  3 ,  
showed t h a t  b r a i n  s t i m u l a t i o n  p r o d u c e d  a n a l g e s i a  i n  t h o s e  a n i m a l s  
w i t h  e l e c t r o d e s  i n  t h e  CG r e g i o n .
The v i s u a l  c l i f f  t e s t  s u p p o r t s  t h e  v iew  t h a t  CG s t i m u l a t i o n
i n v o l v e d  an  acc om pany ing  m o t i v a t i o n a l  ch an g e  l e a d i n g  t o  an i n c r e a s e
i n  f e a r - l i k e  b e h a v i o r .  D u r in g  t h e  s t i m u l a t i o n  c o n d i t i o n  t h e  a n a l g e s i c  
s u b j e c t s  made s i g n i f i c a n t l y  more  c r o s s i n g s  t o  t h e  s h a l l o w  o r  " s a f e "  
s i d e  t h a n  t h e  n o n - a n a l g e s i c  o r  sham g r o u p s ,  a s  shown i n  F i g u r e  4 .  
However ,  d u r i n g  t h e  p o s t - s t i m u l a t i o n  c o n d i t i o n  t h e  a n a l g e s i c  a n i m a l s  
made s i g n i f i c a n t l y  f e w e r  c r o s s i n g s  t o  t h e  s h a l l o w  s i d e  t h a n  t h e  n o n ­
a n a l g e s i c  o r  sham g r o u p s .  T h i s  f i n d i n g  was u n e x p e c t e d  and  may h a v e  
b e e n  t h e  r e s u l t  o f  a n  a f t e r  e f f e c t  t o  t h e  h e i g h t e n e d  f e a r  d u r i n g  
s t i m u l a t i o n .
L iebm an ,  M ayer ,  and  L i e b e s k i n d  (1970)  r e p o r t e d  t h a t  CG l e s i o n -
i n g  d i s r u p t s  t h e  e x p r e s s i o n  o f  f e a r .  L e s i o n e d  r a t s  t e n d e d  t o  w a lk  o f f
a t a b l e .  A more  f o r m a l  t e s t  i n v o l v e d  b e h a v i o r  i n  an  open  f i e l d  and  on
a h i g h  p e r c h .  The h i g h  p e r c h  c o n s i s t e d  o f  t h r e e  r a t  c a g e s  s t a c k e d
u p s i d e  down on to p  o f  one a n o t h e r  t o  fo rm a p e r c h  24 i n .  above  t h e
41
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t a b l e  s u r f a c e .  The l e s i o n e d  a n i m a l s  made s i g n i f i c a n t l y  more  d e s c e n t s  
f rom t h e  h i g h  p e r c h  and  m o s t  o f  t h e  c o n t r o l  a n i m a l s  b u t  n o n e  o f  t h e  
l e s i o n e d  a n i m a l s  d e f e c a t e d  w h ic h  i s  t h e  s t a n d a r d  f e a r  i n d i c a t i o n  i n  
r a t s .  I t  was h y p o t h e s i z e d  t h a t  s t i m u l a t i o n  w o u ld  i n c r e a s e  f e a r - l i k e  
b e h a v i o r .  The p r e s e n t  s t u d y  s u p p o r t s  t h i s  h y p o t h e s i s  u s i n g  a more  
r i g o r o u s  m e a s u r e  ( t h e  v i s u a l  c l i f f )  t h a n  t h e  h i g h  p e r c h .  B o th  s t u d i e s  
i n d i c a t e  t h a t  t h e  CG a r e a  i s  i n v o l v e d  w i t h  t h e  n o r m a l  e x p r e s s i o n  o f  
f e a r  i n  r a t s .
The l a c k  o f  s i g n i f i c a n t  d i f f e r e n c e s  i n  s a c c h a r i n  and  q u i n i n e  
c o n s u m p t i o n  b e t w e e n  t h e  g r o u p s  d u r i n g  t h e  s t i m u l a t i o n  c o n d i t i o n  s u g ­
g e s t s  t h a t  t h e  a n a l g e s i c  a n i m a l s  w e re  e q u a l l y  a s  r e s p o n s i v e  t o  p o s i ­
t i v e  and  a v e r s i v e  t a s t e  s t i m u l i  a s  w e re  t h e  sham and  n o n - a n a l g e s i c  
a n i m a l s .  The s m a l l  sam ple  s i z e ,  h i g h  w i t h i n  s u b j e c t  v a r i a b i l i t y  
and  r e l a t i v e l y  s h o r t  (1 h r . )  t e s t i n g  p e r i o d  may a c c o u n t  f o r  t h e  l a c k  
o f  d i f f e r e n c e s  b e t w e e n  g r o u p s .
The p e n c i l  t e s t  i n d i c a t e s  t h a t  t h e  a n a l g e s i c  a n i m a l  i s  n o t  
o v e r l y  a g g r e s s i v e  d u r i n g  s t i m u l a t i o n .  An i n t e r e s t i n g  f i n d i n g  was  t h a t  
d u r i n g  t h e  t e s t i n g  p e r i o d  t h e  sham g ro u p  e x h i b i t e d  more a g g r e s s i v e  
a t t a c k  b e h a v i o r  upon  t h e  p r e s e n t a t i o n  o f  a p e n c i l  t h a n  d i d  t h e  n o n ­
a n a l g e s i c  a n i m a l s .  T h i s  i n c r e a s e  i n  a g g r e s s i v e  b e h a v i o r  o v e r  t h e  
a n a l g e s i c  and  n o n - a n a l g e s i c  g r o u p s  may s u g g e s t  t h a t  h a v i n g  an  e l e c ­
t r o d e  i m p l a n t e d  i n  t h e  b r a i n  r e d u c e s  n o r m a l  a g g r e s s i v e  b e h a v i o r .  As 
shown i n  F i g u r e  5,  t h e  o v e r a l l  r a t i n g s  f o r  a g g r e s s i v e  r e s p o n s e s  f o r  
a l l  g r o u p s  was l o w e r  t h a n  t h a t  n o r m a l l y  o b s e r v e d  i n  t h e  a l b i n o  r a t .
I n  f a c t ,  o n l y  one a n i m a l  a c t u a l l y  b i t  t h e  e r a s e r  and  t h a t  a n i m a l  was
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i n  t h e  sham g r o u p .  A m a j o r i t y  o f  t h e  a n i m a l s  e i t h e r  i g n o r e d  o r  o n l y  
s n i f f e d  a t  t h e  p e n c i l .
I n  a l l  b e h a v i o r a l  t e s t s  t h e r e  was a t r e n d  o f  i n c r e a s i n g  
h y p e r r e a c t i v i t y  d u r i n g  s t i m u l a t i o n .  A g a i n ,  t h e  r e s u l t s  o f  t h e  
s t a r t l e  t e s t  show t h a t  t h e r e  w e re  d i f f e r e n c e s  b e t w e e n  t h e  n o n ­
a n a l g e s i c  and sham o p e r a t e d  c o n t r o l s .
D u r in g  p r e - s t i m u l a t i o n ,  a s  shown i n  F i g u r e  6 ,  t h e  a n a l g e s i c  
a n i m a l s  d i s p l a y e d  a s i g n i f i c a n t l y  s m a l l e r  s t a r t l e  t o  t h e  t o n e  t h a n  
d i d  t h e  sham and  n o n - a n a l g e s i c  g r o u p s .  D u r in g  t h e  s t i m u l a t i o n  c o n ­
d i t i o n  t h e r e  w ere  no s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  g r o u p s .  D u r i n g  
t h e  p o s t - s t i m u l a t i o n  c o n d i t i o n  t h e  sham a n i m a l s  d i s p l a y e d  a s i g n i f i ­
c a n t l y  l a r g e r  s t a r t l e  t h a n  d i d  t h e  a n a l g e s i c  o r  n o n - a n a l g e s i c  a n i m a l s .
I t  a p p e a r s  t h a t  r e p e t i t i o n  i n c r e a s e d  t h e  s t a r t l e  d i s p l a y e d  by t h e  sham 
g r o u p .  S t i m u l a t i o n  a p p e a r e d  t o  i n c r e a s e  t h e  s t a r t l e  o f  t h e  a n a l g e s i c  
a n i m a l s  above  t h e  p r e - s t i m u l a t i o n  l e v e l ;  w h e r e a s  i n  t h e  n o n - a n a l g e s i c  
a n i m a l s  i t  d e c r e a s e d  i t .
The r e s u l t s  o f  t h e  m o t i v a t i o n a l  t e s t s  i n  t h e  p r e s e n t  s t u d y  
s u g g e s t  t h a t  a n a l g e s i a  p r o d u c e d  by b r a i n  s t i m u l a t i o n  i s  a l s o  a c c o m p a n ie d  
by a m o t i v a t i o n a l  ch an g e  b e s t  d e s c r i b e d  as  h y p e r r e a c t i v i t y  t o  f e a r  
p r o d u c i n g  s t i m u l i .






















A p p e n d ix  A 
Raw D a t a  
T a i l  F l i c k  T e s t  






1 . 7 5
2 . 2 5
2 . 2 5
2 . 2 5  
2 . 5 0  
2 . 00
2 . 2 5  
2 . 00*
2 . 2 5
2 . 7 5
2 . 2 5 s
2 . 2 5
2 . 2 5  
2.00  
2 .0 0 5 





9 . 5 0
4 . 5 0
2 . 2 5  
6 . 00
6 . 2 5
2 . 2 5  
2 .0 0
2 . 2 5
2 .0 0
4 . 7 5
2 . 2 5
2 . 0 0
Group
A n a l g e s i c  (A)


















28 2 . 2 5 2 . 0 0 NA
29 2 . 0 0 2 . 0 0 NA
30 2 . 0 0 2 . 0 0 NA
33 2 . 0 0 2 . 0 0 NA
35 2 . 5 0 5 . 5 0 A
37 2 . 0 0 6 . 5 0 A
*
cap  came o f f  
d i e d
47
S a c c h a r i n  T e s t  
P r e s t i m u l a t i o n  S t i m u l a t i o n  P o s t s t i m u l a t i o n
R a t Group On O f f T o t a l On o f f T o t a l On O ff T o t a l
1 A 3 9 . 0 3 4 . 1 4 . 9 2 2 . 9 2 2 . 0 0 . 9 1 3 . 0 9 . 0 4 . 0
7 NA 3 8 . 6 3 5 . 1 3 . 5 1 9 . 0 2 1 . 9 2 . 9 9 . 3 9 . 0 0 . 3
8 A 2 7 . 8 2 4 . 0 3 . 8 3 8 . 9 3 8 . 4 0 . 5 1 1 . 5 8 . 7 2 . 8
9 A 2 1 . 0 2 2 . 6 1 . 6 3 3 . 2 2 4 . 0 9 . 2 3 6 . 0 2 8 . 4 7 . 6
10 NA 4 0 . 0 4 4 . 0 4 . 0 3 2 . 0 3 1 . 0 1 . 0 3 4 . 4 3 6 . 9 2 . 5
12 S 6 . 0 6 . 6 0 . 6 2 2 . 1 2 3 . 9 1 . 8 2 6 . 1 2 7 . 2 1 . 1
13 S 2 1 . 1 2 2 . 9 1 . 8 1 7 . 8 1 8 . 0 0 . 2 2 7 . 9 2 6 . 3 1 . 6
15 S 4 4 . 5 3 8 . 2 6 . 3 4 5 . 1 4 5 . 2 0 . 1 3 8 . 0 2 9 . 3 8 . 7
19 A 2 9 . 4 2 9 . 1 0 . 3 3 9 . 8 3 9 . 2 0 . 6 3 0 . 2 3 1 . 8 , 1 . 6
21 S 2 9 . 3 3 2 . 6 3 . 3 3 2 . 5 3 2 . 4 0 . 1 2 4 . 1 2 5 . 8 1 . 7
22 S 2 9 . 8 2 9 . 2 0 . 6 2 8 . 3 2 9 . 6 1 . 3 3 2 . 0 3 1 . 5 0 . 5
29 NA 3 1 . 5 3 1 . 2 0 . 3 2 1 . 2 2 1 . 7 0 . 5 2 8 . 7 3 0 . 2 1 . 5
30 NA 2 7 . 5 2 7 . 1 0 . 4 2 7 . 5 2 7 . 7 0 . 2 2 3 . 5 2 3 . 2 0 . 3
33 NA 3 7 . 1 3 7 . 0 0 . 1 3 3 . 7 3 2 . 3 1 . 4 3 9 . 7 3 9 . 4 0 . 3
35 A 1 9 . 7 2 0 . 3 0 . 6 2 3 . 5 2 4 . 1 0 . 6 1 6 . 8 1 6 . 6 0 . 2
37 A 4 1 . 4 4 1 . 1 0 . 3 1 8 . 1 1 8 . 3 0 . 2 2 2 . 6 2 2 . 5 0 . 1
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Q u i n i n e  T e s t
P r e s t i m u l a t i o n  S t i m u l a t i o n  P o s t s t i m u l a t i o n
R a t Group On O f f T o t a l On O f f T o t a l On O ff T o t a l
1 A 3 2 . 0 3 3 . 5 1 . 5 2 1 . 3 2 1 . 0 0 . 3 3 8 . 8 3 9 . 8 1 . 0
7 NA 3 7 . 2 3 7 . 1 0 . 1 1 8 . 5 1 7 . 0 1 . 5 2 1 . 5 2 0 . 7 0 . 8
8 A 3 1 . 8 3 1 . 3 0 . 5 3 5 . 2 3 6 . 4 1 . 2 1 9 . 2 1 8 . 1 1 . 1
9 A 2 8 . 6 2 8 . 9 0 . 3 3 7 . 6 3 8 . 4 0 . 8 3 8 . 6 3 9 . 0 0 . 4
10 NA 4 0 . 5 4 0 . 7 0 . 2 3 4 . 2 3 4 . 1 0 . 1 3 9 . 0 4 0 . 3 1 . 3
12 S 2 6 . 5 2 6 . 4 0 . 1 2 5 . 6 2 5 . 5 0 . 1 3 6 . 8 3 7 . 8 0 . 1
13 S 6 . 1 5 . 5 1 . 4 1 6 . 7 1 6 . 0 0 . 7 2 5 . 1 2 6 .5 1 . 4
15 S 3 6 . 1 3 7 . 7 1 . 6 4 . 0 3 . 9 0 . 1 3 0 . 1 2 8 .9 1 . 2
19 A 1 5 . 7 1 5 . 5 0 . 2 2 8 . 5 2 8 . 1 0 . 4 2 1 . 0 2 0 . 9 0 . 1
21 S 3 2 . 5 3 2 . 6 0 . 1 2 4 . 3 2 4 . 2 0 . 1 3 0 . 0 2 9 . 6 0 . 4
22 S 1 7 . 5 1 7 . 7 0 . 2 2 2 . 6 2 2 . 5 0 . 1 4 8 . 4 4 8 . 2 0 . 2
29 NA 8 . 6 8 . 5 0 . 1 2 7 . 7 2 7 . 3 0 . 4 3 3 . 8 3 3 . 4 0 . 4
30 NA 2 7 . 8 2 8 . 1 0 . 3 3 7 . 6 3 8 . 5 0 . 9 2 0 . 0 2 0 . 2 0 . 2
33 NA 3 7 . 7 3 7 . 5 0 . 2 3 4 . 7 3 4 . 5 0 . 2 1 8 . 3 1 8 . 0 0 . 3
35 A 3 0 . 0 3 1 . 7 1 . 7 2 9 . 7 2 9 . 5 0 . 2 3 1 . 1 3 0 . 9 0 . 2
37 A 4 4 . 0 4 3 . 9 0 . 1 3 4 . 3 3 4 . 0 0 . 3 2 4 . 1 2 3 .9 0 . 2
V i s u a l  C l i f f  T e s t  
P r e s t i m u l a t i o n  S t i m u l a t i o n  P o s t s t i m u l a t i o n
R a t Group S h a l l o w  Deep S h a l l o w  Deep S h a l l o w  De<
1 A 3 2 5 3 2
7 NA 3 2 3 2 2 3
8 A 4 1 5 1 4
9 A 3 2 5 2 3
10 NA 4 1 4 1 4 1
12 S 3 2 4 1 4 1
13 S 2 3 3 2 3 2
15 s 3 2 4 1 2 3
19 A 4 1 5 1 4
21 S 5 3 2 4 1
22 S 5 5 4 1
29 NA 2 3 3 2 3 2
30 NA 3 2 4 1 5
33 NA 5 3 2 5
35 A 1 4 4 ,1 2 3
37 A 3 2 5 3 2
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Key:
P e n c i l  B i t e  T e s t
R a t Group P r e s t i m u l a t i o n S t i m u l a t i o n
1 A 1 1
7 NA 1 2
8 A 1 2
9 A 1 3
10 NA 1 2
12 S 3 3
13 S 1 2
15 S 3 1
19 A 1 2
21 S 2 1
22 S 1 1
29 NA 1 2
30 NA 1 1
33 NA 2 1
35 A 2 2
37
I g n o r e





B i t e  l i g h t l y  = 3 
B i t e  = 4



































A c o u s t i c a l  S t a r t l e  R e s p o n s e
Group P r e s t i m u l a t i o n S t i m u l a t i o n P o s t s t i m u l a t i o n
A 0 . 6 1 1 . 0 7 1 . 0 0
NA 1 . 9 0 1 . 1 7 1 . 3 9
A 1 . 2 0 1 . 7 7 0 . 3 1
A 0 . 8 8 1 . 7 4 1 . 2 4
NA 1 . 3 6 1 . 8 4 0 . 8 8
S 1 . 2 3 1 . 2 7 1 . 2 0
s 2 . 0 1 2 . 3 0 2 . 8 0
s 1 . 1 9 0 . 9 1 1 . 0 7
A 1 . 4 4 1 . 8 8 1 . 8 2
S 1 . 7 4 2 . 0 7 1 . 9 5
S 0 . 9 1 1 . 1 2 1 . 2 0
NA 1 . 5 0 0 . 6 1 0 . 7 8
NA 1 . 8 4 1 . 4 6 0 . 5 8
NA 1 . 5 7 1 . 7 1 1 . 4 4
A 0 . 7 0 0 . 4 4 1 . 1 4
A 0 . 6 4 0 . 6 1 1 . 2 1
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